Abstract. Composite bonded magnet becomes one of interesting magnetic materials based on its mechanical and magnetic characteristics. Besides that, the application of composite in magnet materials fabrication reduces the cost which means that it is more effective and efficient. However, composite bonded magnet does not have a very good stability due to its chemical content. This study tested the properties of NdFeB based composite bonded magnet that was fabricated from the mixture of NdFeB and BaFe12O19 powders also bakelite polymer in compression method. Physical properties of the samples were analysed through bulk density with dimensional method, Vickers Hardness (HV) test, microstructure using optical microscope (OM), magnetic properties using Gaussmeter and hysterical curve using Vibrating Sample Magnetometer (VSM). From the overall of the characteristic tests, the best composition obtained for NdFeB composite bonded magnet is 95%wt NdFeB, 5%wt BaFe12O19 with 2.5%wt of bakelite. This composition results in NdFeB composite bonded magnet with bulk density of 4.148 g/cm 3 , 981.75 Gauss for magnetic flux. While remanence value (Br), coercivity (Hcj) and product energy (BH max) respectively are 4.410 kG, 9.334 kOe, and 3.679 MGOe. Meanwhile, the best hardness value, 163.58 HV, is given at BaFe12O19 with 2.5%wt of bakelite. Particle size observer using OM with Image-j gave the size of around 0.938-1.450 μm. Overall, the addition of BaFe12O19 and bakelite reduces the density and magnetic flux values whereas the hardness value increases with the addition of the two materials.
Introduction
Magnet material has an important role in electrical field. In the application, this material is used for several electric appliances. One of the important uses in electric technology is in the making of permanent material magnet with the ability to store the energy of magnetic flux. To answer that challenge, the usage of composite bonded magnetic becomes a solution as it has high magnetic properties with good thermal properties [1] Meanwhile, composite bonded magnet is able to convert electrical energy to become mechanical and vice versa efficiently [2] . Composite bonded magnet is produced by mixing magnetic materials in the form of powder. There are several types of methods to make NdFeB composite bonded magnet. The first fabrication was by hydrogenation disproportionation and desorption recombination (HDDR) that effectively increase magnetic coercivity [3] . In order to get a smaller size magnetic material, an effective method of fabrication is needed, however. One of them is by sintering and compaction process [4] [5] [6] . Nevertheless, the fabrication of NdFeB depends of the supporting materials. Therefore it is necessary to know the optimum composition for the manufacturing process.
One of the main aspects for the properties of bonded magnet material is the level of material coercivity, this property is influenced by several factors and the main one is material composition. The addition of several types of metal can influence that, V-M metal is for instance [7] , Ti and C [8] also Terbium [9] . The three studies reported that the coercivity value of composite bonded magnetic fabricated increases with the addition of metals.
Also sintering process mentioned above also has the influence to bonded magnet properties. Sintering mechanism needs a high temperature in order to increase energy [10] . A gradual decrease in temperature is for compaction and aging process, so the material used can merge together [11] . However, to increase the mechanic properties, a resin that works as binder need to be added, and so magnet permanent properties can be produced. Muljadi et al., [12] uses epoxy resin and able to work at a rotation of 400 rpm.
The mixture of 2 magnetic materials with different size is reported to increase magnetic properties to 10.68% [13] . Therefore this study uses NdFeB and BaFeO powder to get the magnetic properties. Besides that, physical parameter is tested through the microstructure and mechanical properties. 
Experimental

Materials
Composite Fabrication
Composite fabrication is conducted with compression molding method in temperature of 160 0 C and 8 ton force/cm 3 pressure for 15 minutes. The first step of fabrication was done by mixing NdFeb MOP-B+ type, BaFe12O9 mixture with bakelite. Each material mass was measured in %wt using digital analytics with the predefined composition ( Table 1 and Table 2 ). After the mixture was homogenized, sample is put in a molding pellet with a diameter of 1.837 cm and height of 0.502 cm. Then the material was prepared to be analysed for bulk density, hardness Vickers, microstructure and magnetic properties.
Characterization
Composite bonded magnet characterization was done to know the mechanic and magnetic properties, as well as its morphology. Density and hardness tests were done for mechanic properties, whereas Optical Microscope instrument was used to know the morphology. Magnetic properties were tested using several instruments explained below.
Magnetisation test was done to NdFeB composite bonded magnet sample using physic DrSteingroever GmbH Impulse Magnetizer K-Series with resistance (V) = 1800 Volt and current (I) produced was around 5.90 -5.98 kA. To know the magnetic properties of the sample, Gaussmeter was used while the magnetic field was analysed using Vibrating Sample Magnetometer (VSM). The result of the test is a hysterical curve with permanent induction (Br) and coercive force (Hc) values.
The observation for microstructure was done using Optical Microscope (OM) to get the image of the surface and the particle size. Composite bonded magnet sample was put on evaporating dish. Then, the magnification was set at 40x and the image was taken. The image of microstructure was observed.
Mechanical properties were tested with Vickers Micro-hardness Tester to know the hardness level. In this test, vickers method was conducted according to ASTM C 849-81 standard. NdFeB composite bonded magnet was mixed with resin until the material becomes hard. Next, material surface was smoothened until it shines, and it was being etched. The composite was formed into a diamond shape therefore the diagonal length can be measured. Density was calculated with the measurement of diameter and thickness of sample pellet by using caliper and digital weigher.
Results and Discussion
Density
The density of composite bonded magnet based on NdFeB composition (95,90,85,80 %wt) : BaFe12O19 (5,10,15,20 %wt) with the addition of 2.5 and 5 %wt of bakelite is shown in Table 3 and Table 4 respectively. . This result shows that the biggest Barium Ferrite composition is, the smaller the density, with a decrease in stability. Figure 1 shows that the density decreases with the addition of BaFe12O19. At the addition of 2.5% bakelite powder, the density of composite bonded magnet is maximum, obtained at 5%wt BaFe12O19 with value 4.148 gr/cm 3 . But the density tends to decrease, 4.039 gr/cm3 3 , with the addition of BaFe12O19 to 10% wt. which means there was a decrease by 0.109 %wt..While in 5%wt bakelite powder, the density still decreases by 0.033%wt from 5%wt to 10%wt. With the addition of BaFe12O19 leads to the fall of density value due to the density of barium ferrite (4.79) is smaller than NdFeB (7.64). The decrease of density shows the reduction of compactness in sample as a result of bakelite polymer mixture in composite bonded magnet NdFeB and the density of bakelite (1.36) is smaller than NdFeB. 
Hardness
The hardness test for NdFeB composite bonded magnet with the addition of BaFe12O19 with composition of 0,5,10,15, and 20 %wt and the addition of 2.5 and 5 %wt of bakelite was done using Vickers method by Vickers Hardness AMH43. The result is shown in Figure 2 and presented in Table  5 and Table 6 below. Table 5 above shows the highest hardness value is 106.65 HV and the lowest id 64.23 HV. There is a downward trend to the addition of barium ferrite. The significant decrease is given at 15%wt of barium ferrite addition where the value decreases by more than 50%. Table 5 and 6, a relationship graph between hardness value and barium ferrite addition is plotted as follow: The Figure 2 shows that hardness value in composite bonded magnet with the addition of 10%wt BaFe12O19is the highest among them. The highest hardness value is obtained at 90% NdFeB : 10% BaFe12O19 : 2.5%wt bakelite and 90% NdFeB : 10% BaFe12O19 : 5%wt bakelite compositions, with value of 163.58 HV and 132.20 HV respectively. It also shows that bakelite composition affected in hardness test. There is a decrease of hardness value along with the addition of bakelite to the sample. The decrease occurs due to the existence of polymer material with low hardness characteristic, 14 HV. Therefore, hardness value decreases with the increase of polymer composition in composite bonded magnet.
Microstructure Observation
Microstructure observation was done by studying morphology image of magnet service and determining particle size with Optical Microscope (OM). The observation with OM was done to 4 samples with various compositions of 5%wt and 10%wt Barium Ferrite with the addition of 2.5%wt and 5%wt bakelite. They are shown in Figure 3 . Based on the result from OM, the average of particle size can be determined from the source material that can be seen in Figure 3 below. Based on the morphology of surface produced from OM, bakelite magnet can spread partly or equally in sample surfaces. As can be seen in the images, black colour is identified as barium ferrite, grey as NdFeB, white as Nd and the blurred one is adhesive to bakelite. There are differences in image (a) and (c) where they are darker with the addition of 2.5%wt bakelite when picture 3(b) and (d) is a little bit brighter with the addition of 5%wt bakelite. Particle size is determined with image-j shown in the table below. This microstructure observation shows that the distribution of barium ferrite is not well distributed which was caused by the agglomeration due to the compaction process. Based on particle size table, the overall value shows an average of particle size at the range of 1 -1.4 micrometer. The biggest size is obtained at NdFeB and barium ferrite with a composition of 85%wt and 15%wt respectively. Average particle size with an addition 5%wt bakelite is at 0.938 -1.450 µm. Therefore from Table  7 and 8, average particle size can be known. The size of the particle is similar to the material with an addition of 2.5%wt bakelite, which shows that there is no increase in the size with the determined composition.
Magnetic Field Strength
Measurement with Gaussmeter was done to know the strength of magnetic field from sample of NdFeB magnetic hybrid. The results of the measurement with Gaussmeter (magnetic field strength) are shown in Table 9, Table 10 and Figure 4 . Table 9 above shows the highest magnetic flux value of 981.75 Gauss and the lowest is 830.25 Gauss. Generally, the increase of NdFeB composition causes the gradual decrease of magnetic flux. The biggest decrease is found at 10%wt NdFeB addition which causes magnetic flux fell from 981.75 Gauss to 892.25 Gauss. While in Table 10 shows the highest magnetic flux at 845.85 Gauss and the lowest is at 730.90 Gauss. Based on the results shown in Table 9 and 10, sample with and addition of 5%wt barium ferrite composition and mixed with 2.5%wt bakelite has the highest magnetic flux at 981.75 Gauss. On the other hand, the lowest magnetic flux is found in sample with an addition of 20%wt barium ferrite and mixed with 5%wt bakelite. From Table 9 and Table 10 , a graph to show the relationship between magnetic flux and barium ferrite addition was plotted as follow: From figure 4 we can see that the increase of barium ferrite composition reduces magnetic flux in sample. This is because magnetic propertyy in barium ferrite is lower than bonded NdFeB. Therefore when they are mixed together, there will be a reduction in its magnetic properties. There is a gradual increase of flux magnetic either in 2.5%wt or 5%wt of bakelite usage.
Vibrating Sample Magnetometer (VSM)
Vibrating sample magnetometer (VSM) is a type of equipment used to study magnetic properties of a material. VSM testing is done to obtain information about the scale of magnetic properties as a result of the changes in the outermost magnetic field. The scale of magnetic properties in a material can be known through the hysterical curve shown above. The curve shows the scale of remanence magnetization (Mr), saturated magnetization (Ms), remanence induction (Br), coercivity (Hc) and product energy (BHmax). The result of VSM test is shown in Figure 5 below. While magnetic field is measured by remanence (Br) scale from a material which is the remaining of outermost magnetic induction in a material after the magnetic field is killed. The two parameters can be observed directly from the hysterical curve. The maximum product energy (BH)max from the magnet is produced from the maximum value of the multiplication between B and H in second quadrant in the hysterical curve. The higher the remanence value, the more developed its coercive force and hysterical loop and therefore product energy is getting higher too. Table 11 shows the decrease in Br value in sample with addition of 5%wt BaFe12O19 with 2.5%wt bakelite against sample with addition of 5%wt BaFe12O19 and 5%wt bakelite in which the value dropped from 4.140 tp 3.751 kG. Whereas Hcjvalue fell from 9.334 kOe to 8.560 kOe and product energy decreased from 3.678 MGOe to 2.991 MGOe. The best BHmax value is obtained from sample with an addition of 5 % BaFe12O19 and 2.5% bakelite.
Conclusions
In this study, composite bonded magnet is made using hydraulic press with an addition of bakelite in NdFeB and BaFe12O8 mixture. The average particle size obtained is below 1.5 micrometer with an uneven distribution in barium ferrite and bakelite. From the test result, it is known that the addition of NdFeB magnet powder causes the decrease in density and also with the increase of bakelite. However, hardness from bonded magnet material is increased with the percentage of bakelite added whereas in magnetic flux, the decrease goes along with the addition of barium ferrite and bakelite composition.
